
ORIGINAL ARTICLE

Large, Non-Cavity Distorting Intramural Leiomyomas Decrease
Leukemia Inhibitory Factor in the Secretory Phase Endometrium

Bruce Pier1 & Christopher Crellin1
& Ashwini Katre2

& Michael G. Conner3 & Lea Novak3 & Steven L Young4
&

Rebecca Arend2

Received: 19 February 2019 /Accepted: 7 June 2019 /Published online: 1 January 2020
# Society for Reproductive Investigation 2019

Abstract
Despite mounting evidence that large intramural leiomyomas decrease fecundity during in vitro fertilization cycles, few
studies have demonstrated a mechanism for this impact. We hypothesize that large intramural leiomyomas (IM) decrease
the expression of endometrial implantation factors during the window of implantation. We prospectively recruited sub-
fertile patients with IM 3 cm or greater in size planning myomectomy and performed endometrial biopsies the day of
planned myomectomy (n = 9). Preoperative screening demonstrated no intercavitary lesions. Control endometrial samples
were obtained from young, normally menstruating women free of uterine leiomyomas (n = 8). Endometrial samples were
obtained in the mid-secretory phase (average cycle day for control patients and intramural leiomyoma patients were 24.5
and 21.3, respectively). Expression of implantation markers HOXA10, leukemia inhibitory factor (LIF), ER-α, and PR
was compared using quantitative immunohistochemistry. Standard descriptive statistics were used to compare H-scores
between the cohorts. Patients with intramural leiomyomas were found to have decreased LIF compared to controls (p value
< 0.001). Expressions of HOXA10 and PR were no different between cohorts; however, ER-α showed a trend toward
increased expression in the fibroid cohort (p value 0.07). LIF is downregulated in the endometrium of patients with large
IM. This study is among the first to show decreased LIF expression in patients with uterine leiomyomas. We hypothesize
that this difference from previously published work is due to sampling the endometrium at the height of LIF expression.
Further work is needed to show if LIF downregulation is corrected with leiomyoma resection.
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Introduction

Human embryo implantation requires complex interactions
between the blastocyst and the endometrium, the latter of
which undergoes necessary molecular changes in the luteal
phase to ready for this event. The presence of gynecologic
diseases may disrupt the mid-luteal phase endometrium, lead-
ing to decreased success of implantation of the human
blastocyst.1 In sub-fertile women embarking upon assisted
reproductive technology, it is therefore advisable to assess
the uterine cavity to rule out gynecologic pathologic condi-
tions such as leiomyoma, endometrial polyps, or synechiae.2

Benign leiomyomas, also known as uterine fibroids, are
present in 20–50% of reproductive age women and may rep-
resent the sole cause of infertility in up to 2.4% of presenting
couples. 3, 4 Submucosal fibroids have been shown to reduce
endometrial factors associated with embryo implantation, and
the removal of submucosal fibroids is associated with in-
creased fertility.5 The association between intramural fibroids
and infertility is unclear. While past studies have been incon-
sistent regarding a relationship between non-cavity distorting
intramural fibroids and reduced live birth rates, a recent meta-
analysis demonstrated a significant reduction in pregnancy
rates of as high as 18% 6–8. Studies have also demonstrated
a size relationship between intramural fibroids and IVF suc-
cess, with fibroids 2.85 cm or greater being associated with
IVF implantation failure.9

The pathophysiologic cause of implantation failure in pa-
tient with non-cavity distorting intramural fibroids is not cur-
rently clear. Several endometrial implantation factors have
been studied to provide an understanding of subfertility in
patients with non-cavity distorting fibroids. HOXA10 is a
widely studied homeobox gene which is responsible for cel-
lular differentiation in the human uterus.10 HOXA10 expres-
sion increases in the mid-secretory phase under the influence
of a rise in progesterone, and HOXA10 is known to regulate
pro-embryo adhesion molecules such as pinopodes, beta3-
integrin, and insulin-like growth factor binding protein-1.11,
12 Embryo implantation failure occurs in mice with HOXA10
mutations, demonstrating its vital importance.13 HOXA10 has
been shown to be reduced in the setting of submucosal fi-
broids, but the findings in intramural fibroids are less clear.5

While one previous study showed no difference in HOXA10
between the endometrium of control patients and patients with
intramural fibroids, another demonstrated significant differ-
ence in HOXA10 between these cohorts. Key differences in
the studies were differing menstrual cycle phases when the
sample was obtained.14 The cytokine leukemia inhibitory fac-
tor (LIF) has also been shown to play a critical role in the
implantation process, promoting apposition and attachment
to the endometrium along with promoting growth, differenti-
ation, and function of the trophoblast.15 The importance of
LIF in implantation is suggested strongly by its marked

increase in expression during the mid- and late-secretory
phases of the menstrual cycle, as well as expression of its
receptor within the blastocyst. Furthermore, studies in LIF-
knockout mice have demonstrated failure of embryonal
implantation.16 No previous studies to our knowledge have
demonstrated a decrease in LIF expression in non-cavity
distorting intramural fibroids.

Several factors needed for implantation are expressed as a
result of the hormones progesterone and estrogen binding to
their prospective receptor.17 Given the limited published re-
search on the effects of non-cavity distorting intramural fi-
broids on implantation factors and the lack of studies complet-
ed assessing implantation factors in patients with large intra-
mural fibroids, we designed a study to assess the expression of
estrogen receptor alpha (ER-α) and progesterone receptor
(PR), and downstream implantation factors LIF and
HOXA10, in patients with large intramural fibroids compared
to control patients with normal uteri. We hypothesized that
patients with non-cavity distorting intramural fibroids 3 cm
and greater would have decreased expression of ER-α, PR,
LIF, and HOXA10 in luteal phase endometrial biopsy samples
compared to normal controls.

Materials and Methods

Study Population

This prospective cohort study was performed on nine prospec-
tively collected endometrial specimens from women planning
myomectomy with intramural leiomyomas 3 cm or greater.
All tissues were obtained in accordance with the Committee
for the Protection of Human Subjects at the University of
Alabama at Birmingham. Each participant signed an informed
consent for an Institutional Review Board approved protocol
(UAB #00000726) to obtain an endometrial biopsy at time of
scheduled myomectomy.

All samples were obtained in the secretory phase of the
menstrual cycle. Subjects were nulliparous premenopausal
women, or patients with a history of recurrent pregnancy loss
(age range, 25–40 years) with regular menstrual cycles, sched-
uled for a laparoscopic, robot-assisted, or open myomectomy.
Subjects had a hysterosalpingogram, saline-infusion sono-
gram, or magnetic resonance imaging (MRI) suggesting no
compression of the uterine cavity by the intramural
leiomyoma. Subjects using any form of hormonal treatment
within 3 months of surgery were excluded. Additional exclu-
sion criteria included current pregnancy or postpartum within
6 months of delivery, current breastfeeding, or pelvic malig-
nancy. As controls, eight paid volunteer female subjects were
recruited who demonstrated regular cyclic menses using a
separate Institutional Review Board protocol at UNC (05-
1757). None of these subjects had signs or symptoms of
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endometriosis or a history of infertility, and all were in good
health. There was no attempt to match controls to the cases in
terms of age, body mass index (BMI), or gravidity. All sub-
jects underwent an endometrial biopsy, timed to the mid-
secretory phase using urinary LH testing.

Endometrial biopsies were performed using a pipelle suc-
tion curettage during the luteal phase for patients undergoing
myomectomy (cycle day 16–29) and during luteal phase for
control endometrial samples on LH + 7–10 (cycle day 21–24).
The menstrual cycle stage was determined by a single pathol-
ogist (L.N.) using the dating criteria of Noyes et al.18 Portions
of endometrial biopsies were placed in 10% buffered formalin
for paraffin embedding and sectioning.

Tissue Specimens

Endometrium specimens were collected from patients with an
endometrial pipelle before the myomectomy surgery began.
The segment of endometrium was fixed immediately in 10%
buffered formalin for 24 h at room temperature before paraffin
embedding.

Immunohistochemistry of Endometrium for HOXA10, LIF,
ER-α, and PR

Formalin-fixed paraffin embedded samples (FFPE) were
cut into 5-μm sections and placed on positively charged
slides. Hematoxylin and eosin-stained tissue were ana-
lyzed by a gynecologic pathologist to confirm histology.
Slides were deparaffinized and rehydrated to prepare for
immunohistochemistry (IHC) of estrogen receptor (α),
progesterone receptor, LIF (N-18), and HOXA10.
Antigen retrieval was with 10-mM sodium citrate at pH
6.0 under pressure for 5 min. Slides were washed in PBS.
Endogenous peroxidases were blocked with 3% H2O2 in
methanol for 15 min. Slides were then blocked with 10%
normal goat serum (Vector Labs) plus 1% normal horse
serum (Vector Labs) in PBS, followed by primary antibody
incubation in same blocking buffer. After primary anti-
body, slides were washed in PBS. Primary antibody

detection was achieved with Imm-Press anti-rabbit IgG
(MP-6401) for estrogen receptor- α and progesterone re-
ceptor IHC’s anti-goat IgG (MP-7405) kit for LIF and
HOXA10 IHC, followed by 3,3′-diaminobenzidine incuba-
tion. Slides were counterstained with Gill’s hematoxylin
and then washed in water and PBS. Slides were sealed with
Permount (SP15-100). Antibody concentrations were as
follows: estrogen receptor(α), 1:100 (Abcam); progester-
one receptor, 1:100 (Abcam); LIF (N-18), 1:100 (Santa
Cruz); and HOXA10 (Santa Cruz).

Histopathologic Evaluation of the Immunostaining

Immunostained endometrial tissue was examined in a blinded
fashion by two gynecologic pathologists. Independent grading
of the intensity of each type of staining and percentage of the
area stained have been reported and results further analyzed.

Statistical Analysis

Mean demographic parameters between groups were com-
pared using an independent t test for continuous data and c2
analysis for proportions. An independent-samples t-test and
Mann–Whitney rank sum testing were used to analyze the
results of quantitative immunohistochemistry results between
groups. A p value < 0.05 was considered statistically signifi-
cant. Statistical analyses were performed using SPSS 18.0.3
(SPSS, Chicago, IL).

Results

The baseline demographics of the study cohorts are demon-
strated in Table 1. As expected, the control patient group was
younger and more lean when compared to the study cohort
(25.9 years compared to 37.7, 23.3 m2 compared to 31.2 m2).
There were more African-American women in the study co-
hort as compared to the control cohort. All study patients had
fibroids 4 cm or larger, except for two patients who had

Table 1 Study participant
characteristics Control (n = 8) Fibroid cohort (n = 9)

Age at time of endometrial biopsy, years 25.9 ± 4.3 37.7 ± 1.9a

Body mass index, kg/m2 23.3 ± 3.0 31.2 ± 5.4a

Race

African American 0/8 5/9a

Caucasian 5/8 3/9

Asian 3/8 1/9

Prior parity 0/8 1/9

Cycle day 24.5 ± 4.5 21.3 ± 4.2

a p < 0.05 versus control
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multiple leiomyomas with the largest measuring 3 cm. All
samples were taken in the luteal phase for all patients
(Table 2).

Expression of HOXA10 did not differ between patients
with intramural leiomyomas and control patients. Patients
with intramural leiomyomas were found, however, to have
decreased leukemia inhibitory factor (LIF) when compared
to controls (p value < 0.001). Expression of progesterone
receptor (PR) did not different between cohorts; however,
estrogen receptor alpha (ER-α) showed a trend toward in-
creased expression in the fibroid cohort (p value 0.07)
(Fig. 1).

Conclusion

Implantation of the blastocyst into the human endometrium
requires a series of molecular events during the window of
implantation, primarily coordinated by the effects of estrogen
and progesterone. Many necessary implantation factors, such
as leukemia inhibitory factor, are transcribed as downstream
effects by the activation of estrogen receptor alpha (ER-α) and
progesterone receptor (PR).19 Previous studies suggest in-
creased ER-α and PR expression in leiomyoma tissue and
decreased expression of endometrial ER-α and PR in patients
with leiomyoma compared to those without.20, 21 Our study
was set to determine if implantation factors HOXA10 and LIF
decreased in the endometrium of patients with large, non-
cavity distorting intramural leiomyomas compared to patients
without myoma, as well as to assess for alterations in endo-
metrium ER-α and PR.

To our knowledge, this study marks one of the first to
demonstrate that LIF is downregulated in the endometrium
of patients with large, non-cavity distorting intramural
leiomyomas. We hypothesize that this difference from previ-
ously published work is due to sampling the endometrium at
the height of LIF expression. Leukemia inhibitory factor (LIF)
is a member of the gp130 cytokine family and is critical for
embryo implantation. LIF expression in the endometrium
changes during the menstrual cycle, with an increase in ex-
pression during the window of implantation.22 LIF acts as a
stimulus for endometrial cell proliferation, angiogenesis, cell
differentiation and survival, and change in epithelial polarity.
It appears that calreticulin (mediated by cyclic AMP regulator
EPCA2) is critical for LIF expression and LIF expression
leads to the expression of several signaling pathways (JAK/
STAT, MAPK, P13-kinase) (PIPK).23, 24 Through these sig-
naling pathways, LIF increases factors needed for invasion in
trophoblastic cells.25 In mice, LIF binds both to its receptor at
the level of the endometrium, along with an LIF receptor in
the surface of the blastocyst.26 Previous studies have demon-
strated decreasing levels of LIF in women with recurrent im-
plantation failure, adenomyosis, and unexplained
infertility.27–30 Our work demonstrates that despite no com-
pression seen on imaging, large fibroids 3 cm or greater exert
local changes that downregulate LIF expression. LIF expres-
sion has been shown to be decreased previously in cavity-
distorting leiomyoma, but to our knowledge, no previous
study demonstrated lower LIF expression in non-cavity
distorting intramural fibroids.31 Our findings are likely a result
of sampling in the luteal phase specifically, as well as
recruiting only patients with large leiomyomas. One recent
study looked at microarray data from patients with and with-
out uterine fibroids and found no difference in LIF expression.
This study had seven patients with non-cavity distorting fi-
broids, only four of which were mid-luteal, and most patients
in their leiomyoma cohort were over the age of 40. It could be

Table 2 Fibroid cohort specific characteristics

Patient ID Cycle day Maximum
leiomyoma size (CM)

1 16 7

2 21 11

3 29 5

4 27 3

5 20 13

6 20 10

7 21 8

8 21 10

9 17 3
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Fig. 1 (a) Representative tissue sections of control group endometrium
[control] and endometrium from uterine fibroid patients [UF];
immunohistochemical staining was performed with antibodies to
leukemia inhibitory factor (LIF). (b) H-scores (mean ± SD) for expression
of estrogen receptor α (ER- α), progesterone receptor (PR), homeobox
gene A10 (HOXA10), and leukemia inhibitory factor
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these differences that led them to not detect changes in LIF
expression.32 Further studies are needed to know if medical or
surgical therapies restore LIF expression in patient with large,
non-cavity distorting leiomyomas.

In our study, HOXA10 expression in the endometrium of
patients with non-cavity distorting leiomyomas was lower
when compared to control patients, but this difference did
not reach significance. HOXA10 expression in the mid-
luteal phase regulates expression of needed implantation fac-
tors, such asβ3-integrin, and is known to be downregulated in
patients with adenomyosis, recurrent pregnancy loss, and re-
current implantation factor.33–35 Previous studies have dem-
onstrated mixed results when detecting HOXA10 in the pres-
ence of intramural fibroids, with the most recently study dem-
onstrating decreased expression via a microarray study when
compared to control patients.5, 14, 32 Recent studies demon-
strate altered expression of HOXA10 mRNA in patients with
non-cavity distorting intramural fibroids, with one study not-
ing a significant rise in HOXA10 mRNA expression after
myomectomy.36, 37 Proposed mechanisms for non-cavity
distorting fibroids causing abnormal HOXA10 expression in-
clude leiomyoma TGF-β effects on BMP-2 expression (lead-
ing to decreased HOXA10 downstream) and change in meth-
ylation in HOXA10.38, 39 Studies that demonstrated lower
HOXA10 expression sampled the endometrium in the luteal
phase, as our study has. Perhaps increased study power would
lead to a significant difference presence in our patient cohort.

Progesterone receptor (PR) isoforms induce genes neces-
sary for embryo attachment to the endometrium.40

Specifically working with other transcription factors such as
STAT3 to regulate needed target genes, PR is responsible for
the needed implantation mechanisms such as uterine epithelial
proliferation and local immune responses.41 PR expression
decreases near the window of implantation, leading to the
expression of Forkhead Box 01 (FOXO1), an important me-
diator of endometrial epithelial cell polarity and apoptosis.42,
43 PR expression has been shown to be significantly reduced
in infertile women in the mid-luteal phase compared to con-
trol, and PR deficiency is also found in patients with
endometriosis.44, 45 Our study demonstrated a nonsignificant
elevation in PR in patient with uterine fibroids, perhaps sug-
gesting a dysfunctional expression during the window of
implantation.

The strength of our study lies in the study design and pa-
tient recruitment. Few previous studies addressing implanta-
tion factors in patients with intramural fibroids have addressed
size and location with respect to the endometrial cavity. We
screened each patient in our study with imaging of the uterine
cavity to ensure the leiomyoma did not distort the endometri-
um. The timing of endometrial biopsy was also important, as
we sampled most patients during the window of implantation.
There are some weaknesses of our study. Our control group
was not age matched and was significantly thinner, than our

study cohort. While this does represent possible confounders,
the profile of our fibroid patient cohort is consistent with the
common clinical presentation of patients with fibroids-sub-
fertile, over the age of 35, and more commonly African-
American. Also, our study did not follow patients after myo-
mectomy to determine if they conceived, which may have
been used as a marker of the restoration of normal implanta-
tion factors.

Our study demonstrated decreased LIF in patients with
non-cavity distorting leiomyomas greater than 3 cm compared
to patients with a normal uterus and regular menstrual cycles.
Further work is needed to show if LIF downregulation is
corrected with medical leiomyoma volume reduction or with
leiomyoma resection, in patients with non-cavity distorting
leiomyomas.
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